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Abstract:- Large scale exploitation of natural sand creates environmental impact on society. River sand is 
most commonly used fine aggregate in concrete but due to acute shortage in many areas, availability, cost 
& environmental impact are the major concern. To overcome from this crisis, partial replacement of sand 
with quarry sand can be an economic alternative. Quarry sand has been used in different construction 
purposes but replacement technology has emerged as an innovative development to civil engineering 
material. Design mix of M20 grade concrete with replacement of 0%, 15%, 30%, 45%,60% of quarry 
sand have been considered for laboratory test i.e slump test, compressive strength, split tensile strength, 
flexural strength, permeable voids and acid attack. (Cubes, cylinders, beams sample). The detailed study 
is on the effect of partial replacement of cement with Rice Husk Ash and Fly Ash on concrete. In this 
project different combination of Fly Ash and Rice Husk Ash as a partial replacement of cement and river 
sand by quarry sand is carried out. The composition of 7.5% Rice Husk Ash + 22.5% Fly Ash with 60% 
of quarry sand gives maximum strength results. 
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I. INTRODUCTION 
Workability, strength, and durability are three 
basics properties of concrete. Amount of useful 
internal work necessary to overcome the internal 
friction to produce full compaction is termed as 
Workability. Size, shape, surface texture and 
grading of aggregates, water-cement ratio, use of 
admixtures and mix proportion are important 
factors affecting workability. Strength is to bear the 
desired stresses within the permissible factor of 
safety in expected exposure condition. The factor 
influencing the strength are: quality of cement, 
water-cement ratio, grading of aggregates, degree 
of compaction, efficiency of curing, curing 
temperature, age at the time of testing, impact and 
fatigue. Durability is sustenance of shape, size and 
strength; resistance to exposure conditions, 
disintegration and wearing under adverse 
conditions. Variation in concrete production, 
loading conditions in service life and subsequent 
attack by the environment factors are main 
deteriorating factor of concrete. Properly 
compacted and cured concrete used in RCC 
continues to be substantially water tight and 
durable till capillary pores and micro-cracks in the 
interior are interconnected to form pathways up to 
surface. 
Durability is mainly influenced by environmental 
exposure condition, freezing - thawing, contact to 
aggressive chemicals, type and quality of 
constituent materials, water-cement ratio, 
workability, shape and size of the member, degree 
of compaction, efficiency of curing, effectiveness 
of cover concrete, porosity and permeability. 
During service life of structures, penetration of 
water and aggressive chemicals, carbonation, 
chloride ingress, leaching, sulphate attack, alkali-
silica reaction and freezing-thawing are resulting 
deterioration. Loading and weathering inter link 
voids and micro-cracks present in transition zone 
and network of same micro cracks gets connected 
to cracks on concrete surface which provides 
primary mechanism of the fluid transport to interior 
of concrete. Subsequent increase of penetrability 
leads to easy ingress of water, oxygen, carbon 
dioxide and acidic ions etc into concrete resulting 
cracking, spalling, loss at mass, strength and 
stiffness.  
Low permeability is key to durability and it is 
controlled by factors like water-cement ratio, 
degree of hydration, curing, entrapped air voids, 
micro cracks due to loading and cyclic exposure to 
thermal variations. Admixture improves 
workability, compactibility, strength, 
impermeability, resistance to chemical attack, 
corrosion of reinforcement and freezing - thawing 
etc. and in turn to durability. For this study 
durability is interpreted in terms of porosity, 
moisture movement, surface strength, ultra sound 
pulse velocity and elasticity modulus of concrete. 
Optimum use of Rice Husk Ash (RHA), obtained 
by open field burning method, is decided for 
improving workability, strength and durability of 
concrete. 
II. MATERIALS USED 
A. Cement: Ordinary Portland (53 grade) Portland 
cement available in the local market of standard 
brand was used in the investigation. Portland 
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cement is the most commonly used type of cement 
in the world today. It was tested as per Indian 
Standards Specifications IS: 8112-1989. Its 
properties are Specific surface area = 3200 cm2 
/gm; Normal Consistency=31%; Initial and Final 
Setting Times are 50, 180 min., Specific 
Gravity=3.10; Fineness of cement by sieving 
through sieve No.9 (90 microns) for a period of 15 
min. = 2.8%; Soundness = 1.29 mm and 
Compressive strength of cement (28 days) = 53 
MPa respectively. 
B. Rice Husk Ash: Rice Husk is an agricultural 
waste obtained from milling of rice. When rice 
husk is burnt in an uncontrolled manner, the ash, 
which is essentially silica, is converted to 
crystalline forms and is less reactive. The physical 
characteristics of the rice husk are 
Density=495Kg/m3 , Specific Gravity=2.53, Mean 
particle size=0.15-0.25 µm, Min specific surface 
area=220m2 / kg, Particle shape= Spherical, and 
Moisture contents (% by weight) = 2.15and the 
chemical properties are SiO2=75; Al2O3=1.29; 
Fe2O3 = 0.78CaO = 3.33; MgO = 0.22, MnO 
=0.20; Na2O =0.40 ; K2O =1.50; P2O5 = 0.59and 
Loss of ignition % by mass =3.67. 
C. Fine Aggregate: The locally available natural 
river sand was used as fine aggregate. It was tested 
as per Indian Standard Specification IS: 383- 1970. 
Its fineness modulus is 2.74 and specific gravity is 
2.6. The sand is free from clay, silt and organic 
impurities. These properties are Bulk Density 
(Kg/m3 ) in loose state 1600 kg/m3 and compacted 
density was 1750 kg/m3 . The fine aggregate 
conforms to standard specifications. 
D. Course Aggregate: Aggregates are hard inert 
filler materials mixed with a binding material like 
cement lime or mud in the preparation of mortar or 
concrete. Machine crushed angular granite metal of 
20 mm nominal size from the local source is used 
as coarse aggregate. The various properties of 
course aggregate are, specific gravity, bulk density 
and fineness modulus of coarse aggregate were 
found to be 2.62, 1580 kg/m3 and 7.17 
respectively. 
E. Water: Water is a key ingredient in the 
manufacture of concrete. The locally available 
potable water accepted for local construction is 
used in the experimental investigation after testing. 
The pH value7, Suspended matter mg/lit=220, 
Organic matter mg/lit=20; Inorganic matter 
mg/lit=150; Sulphate (SO4) mg/lit=30 and 
Chlorides (Cl) mg/lit=60. 
F. S-Acid  (H2SO4): S-Acid  is a very important 
commodity chemical, and indeed, a nation's S-Acid  
production is a good indicator of its industrial 
strength. S-Acid  reacts with its anhydride, SO3, to 
form H2S2O7, called pyrosulfuric acid, fuming S-
Acid , DiS-Acid  or oleum or, less commonly, 
Nordhausen acid. Concentrations of oleum are 
either expressed in terms of % SO3 (called % 
oleum) or as % H2SO4 (the amount made if H2O 
were added); common concentrations are 40% 
oleum (109% H2SO4) and 65% oleum (114.6% 
H2SO4). Pure H2S2O7 is a solid with melting 
point 36 °C. 
 
Fig .1 Production of RHA after Each Process 
III. PREPARATION OF TESTING 
SPECIMEN 
A. Mixing: Mixing of ingredients is done in pan 
mixer of capacity 40 liters. The cementitious 
materials are thoroughly blended and then the 
aggregate is added and mixed followed by gradual 
addition of water and mixing. Wet mixing is done 
until a mixture of uniform color and consistency 
are achieved which is then ready for casting. 
Before casting the specimens, workability of the 
mixes was found by compaction factor test. 
B. Casting of Specimens: The cast iron moulds are 
cleaned of dust particles and applied with mineral 
oil on all sides before concrete is poured in to the 
moulds. The moulds are placed on a level platform. 
The well mixed green concrete is filled in to the 
moulds by vibration with needle vibrator. Excess 
concrete was removed with trowel and top surface 
is finished level and smooth as per IS 516-1969. 
The casting of test specimens is shown in Fig.: 2. 
C. Curing of Specimens: The specimens are left in 
the moulds undisturbed at room temperature for 
about 24 hours after casting. The specimens are 
then removed from the moulds and immediately 
transferred to the curing pond containing clean and 
fresh water and cured for required period as per IS: 
516-1969 as shown in Fig.3 & 4. 
 
Fig. 2 Casted Specimens 
 
Fig. 3 Specimens Cured in Water 
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Fig 4. Cured in S-Acid  (H2SO4) Solution 
D. Description of Compression Testing Machine: 
The compression testing machine (Microprocessor 
based) used for testing the cube specimens is of 
standard make. The capacity of the testing machine 
is 2000 KN. The machine has a facility to control 
the rate of loading with a control valve .The plates 
are cleaned and oil level is checked, and kept ready 
in all respects for testing. After the required period 
of curing, the cube specimens are removed from 
the curing tank and cleaned to wipe off the surface 
water. It is placed on the machine such that the load 
is applied centrally. The smooth surfaces of the 
specimen are placed on the bearing surfaces. The 
top plate is bought in contact with the specimen by 
rotating the handle. The oil pressure valve is closed 
and the machine is switched on. A uniform rate of 
loading 140 kg/sq.cm/min is maintained. 
 
Fig.5 Compression Testing Machine 
IV. RESULTS AND DISCUSSIONS 
The compressive strengths of concrete (with 0%, 
5%, 10%, 15% and 20%, weight Alternate of 
cement with RHA) cured in normal water for 7, 28, 
60 days have reached the target mean strength .The 
compressive strengths of concrete (with 0%, 5%, 
10%, 15% and 20%, weight Alternate of cement 
with RHA) cured in water for 7, 28 and 60 days 
and the strengths (Table.1). 
Table I: Variation of Compressive Strength of 
Concrete Cubes vs. Different % of RHA in 
H2SO4 Curi 
 
 
Fig.6 Compressive Strength of Concrete Cubes vs. 
Different % of RHA in Water Curing 
 
Fig.7 Compressive Strength of Concrete Cubes vs. 
Different % of RHA in 1% H2SO4 Curing 
 
Fig.8 Compressive Strength of Concrete Cubes vs. 
Different % of RHA in 3% H2SO4 Curing 
 
Fig.9 Compressive Strength of Concrete Cubes vs. 
Different % of RHA in 5% H2SO4 Curing 
The test results indicate that at 5% Alternate there 
is increase in strength, maximum strength obtained 
at 10% and starts reduced at 15% Alternate but at 
20% Alternate of RHA decrease the strength. The 
compressive strengths of concrete (with 0%, 5%, 
10%, 15% and 20%, weight Alternate of cement 
with RHA) cured in S-Acid  solution for 7, 28 and 
60 days at different percentages of S-Acid  shown 
in Tables 1 and Figs 6 to 9, indicate that at 1% S-
Acid  curing decrease in strength of 5%, 20% 
strength at 3% sulphuric and 45 % strength 
reduction at 5% S-Acid  curing indicates a measure 
of weight loss and leads to disintegration due to 
acid attack . S-Acid  attack on Concrete: The loss 
of weight of concrete cubes in H2SO4 medium is 
G. Anil Kumar* et al. 
  (IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 
  Volume No.4, Issue No.5, August – September 2016, 3895–3898.  
2320 –5547 @ 2013-2016 http://www.ijitr.com All rights Reserved.  Page | 3898 
due to ettringite formation. S-Acid  attacks on Ca 
(OH)s and form CaSO4 which is leached out of 
concrete easily. The calcium silicate hydrate reacts 
with H2SO4 to form fragile silica gel which is 
easily destroyed by external physical forces. The 
calcium sulphate formed by initial reaction can 
proceed to react with calcium aluminate phase in 
cement to form voluminous calcium sulpho 
aluminate (ettringite) which can cause expansion, 
cracking, loss of weight & strength and 
disintegration of concrete. 
The chemical reaction involved in H2SO4 attack 
on cement concrete can be represented as follows 
Ca (OH)2 + H2SO4 = CaSO4.2H20 
3 CaO, Si02.3H 2 0 + H2SO4 = CaSO4. 2H20 + 
Si(OH)4 
3 CaSO4 + 3CaO. Al20 3.6 H2 O + 25 H2 O = 3CaO. 
Al20 3.3CaSO4 + 31 H2 O 
V. CONCLUSIONS 
The compressive strengths of concrete (with 0%, 
5%, 10%, 15% and 20%, weight Alternate of 
cement with RHA) cured in Normal water for 28 
days have reached the target mean strength.  The 
compressive strength of concrete with RHA 
concrete is less in S-Acid  environments. compared 
to that of in normal concrete.  The compressive 
strengths of concrete (with 0%, 5%,10%,15% and 
20%, weight Alternate of cement with RHA) cured 
in S-Acid  solution for 7, 28 and 60 days, indicate 
that up to 10% Alternate there is increase in 
strength and beyond that the strengths decreased , 
but at 20% Alternate RHA strength less than to 
normal concrete.  The strength decreases in acidic 
environment with age of concrete also with 
increasing of RHA content in concrete.  The 
compressive strengths of concrete (with 0%, 5%, 
10%, 15% and 20%, weight Alternate of cement 
with RHA) cured in S-Acid  solution for 7, 28 and 
60 days indicates that continuous decrease in 
strength due to acid attack at the rate of 5%, 20% 
and 45% at 1%, 3% and 5% of S-Acid  solution 
curing indicates a measure of weight loss and leads 
to deterioration.  In concretes cement can be 
replaced with 10% RHA with maximum increase in 
strength beyond starts decreases and due to slow 
pozzolanic reaction the Rice Husk Ash (RHA) 
concrete achieves significant improvement in its 
mechanical properties at later ages. There was 
severe deterioration of concrete exposed to H2SO4 
and loss of cementitious property of concrete was 
observed. 
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